Object. Sacrectomy positioning must balance surgical exposure, localization, associated operative procedures, and patient safety. Poor positioning may increase hemorrhage, risk of blindness, and skin breakdown.
C urative treatment of primary sacral malignancies generally requires sacrectomy. Depending on the extent of the tumor, surgery may be performed either while the patient is prone or using either simultaneous or sequential anterior/posterior approaches. The patient position for prone sacral surgery must balance the needs of surgical exposure, intraoperative localization, associated operative procedures (such as flaps, nerve grafts, and others), and patient safety. Poor positioning can increase intraoperative hemorrhage, 9 increase the risk of blindness, 2, [4] [5] [6] [7] 11, 12 and lead to skin breakdown. Additionally, poor positioning can compromise the ability to execute the surgical procedure properly.
No prior studies have documented patient morbidity or operative access issues related to positioning of prone patients undergoing sacral surgery. We sought to prospectively assess the morbidity and utility of a standardized prone sacral positioning protocol in a series of patients undergoing sacral resections at our institution.
Methods
This study was approved by the Institutional Review Board at the Mayo Clinic in Rochester, Minnesota. We instituted a standardized protocol for prone sacrectomy positioning beginning in September 2008 and prospectively identified positioning-related morbidity in all patients. We specifically assessed the nature of the operative procedure, patient BMI, the prone operative time, and the Braden score (a standard assessment of skin integrity) of all patients as these parameters might influence morbidity.
Key elements of the positioning process are demonstrated in Fig. 1 . These include the use of skull traction to suspend the head, such that there is no pressure on the eyes and the anesthesiology team has full access to the patient's face. The patient is positioned on a Wilson attachment on a radiolucent Jackson table, both commonly used for standard spine surgery procedures (Fig. 2) . The table frame is positioned and the table is subsequently placed in a reverse Trendelenburg manner to maximize the elevation of the head to decrease intraocular pressure. Draping is wide to accommodate associated closure and reconstructive procedures in these patients. This configuration of the setup allows the abdomen to hang free to decrease pressure on epidural veins (Figs. 3 and 4) .
In this study we report data on 17 patients who underwent 19 oncological sacral procedures in the prone position between September 2008 and August 2009. Two patients underwent staged prone resection and reconstructive procedures. Patient data are presented in Table 1 . Skin integrity was assessed using the National Pressure Ulcer Advisory Panel updated staging system. Stage I pressure injuries were defined as intact skin with nonblanchable redness; Stage II pressure injuries were defined as partial thickness loss of dermis presenting as a shallow open ulcer with a red/pink wound bed, without slough; Stage III pressure injury was defined as full thickness tissue loss with subcutaneous fat visible; and Stage IV pressure injuries were defined as full thickness tissue loss with exposed bone, tendon, or muscle. 8 Outcome measurements for the assessment of skin/pressure sore injury are presented in Table 2 .
Patients were assessed prospectively following surgery for any positioning-related morbidity by a senior surgical nurse who was not a part of the operative team. Those patients with positioning-related complications were followed until resolution of these problems.
Results
Tumors included 5 chordomas, 4 high-grade sarcomas, 1 chondrosarcoma, 2 presacral extradural myxopapillary ependymomas, and 5 others ( ). Mean hospital entrance Braden skin integrity score was 21.1 (range 17-23). Average prone operating time was 501 minutes (range 158-1136 minutes). Prone surgery was part of a staged anterior/posterior resection in 8 patients.
Fluoroscopy was used for localization in 13 patients, and an intraoperative CT scanner on trial at our institution (O-arm, Medtronic Corporation) was used in 4 patients. All imaging studies were successful in localizing the site of the sacral resection. Fifteen patients had formal gluteal muscle advancement flaps and/or a pedicled rectus abdominis flap for closure and 4 underwent nervegrafting procedures. The positioning protocol facilitated all flap advancement, nerve grafting, and fibula harvest procedures used in these patients.
Five (29%) of the 17 patients developed positioningrelated morbidity. One patient developed a transient ulnar nerve palsy attributed to unrecognized shift in the armboard during the procedure. Three patients, two of whom were morbidly obese, developed Stage I pressure injuries to the chest and another developed a Stage II pressure injury following a 1136-minute procedure. No other positioning morbidity was detected in patients who were examined prospectively after the operation to identify any complications. Of note, morbidity was only noted in patients with morbid obesity or procedures lasting in excess of 10 hours. Braden skin integrity score did not correlate with risk of positioning-related morbidity.
Discussion
Sacrectomy surgery represents an area of oncologi- cal resection fraught with complications. There is little data reported on the positioning-related morbidity from these procedures. Prior to September 2008, prone sacrectomy positioning at our institution was not standardized. Patients were commonly positioned in the dorsal lithotomy position via a variety of mechanisms using both standard and spine-specific operating tables. There was no prospective data addressing the morbidity from positioning or any way in which positioning limited the nature of these surgical procedures. An acknowledged limitation of this study is that we are unable to directly compare with any prior cohort at our institution, as the quality of the data in the record would not be equivalent to that which was collected prospectively in this series and patient positioning was not standardized. However, because of concerns of the limitations and variability of prior positioning techniques, including concerns on the part of our anesthesiology team regarding risk of blindness and access issues during procedures, we instituted a standardized positioning protocol in September 2008. As a high-volume center for oncological sacrectomy, we sought to assess the results of this positioning protocol.
A prospective assessment of patients undergoing positioning in this manner demonstrates that the morbidity from these procedures is high. Almost 30% of patients in this series developed morbidity attributable to positioning. Thankfully, the positioning-related complications were relatively mild, and all patients responded to conservative treatment. The dreaded complication of blindness was not observed in this limited cohort.
Postoperative vision loss is a unique complication of optic nerve damage resulting from ischemic optic neuropathy; recent studies have shown that spinal surgery is the leading cause of postoperative vision loss, replacing cardiac surgery. 1, 10, 12 In the field of neurosurgery, case reports in 1948 11 and 1954 4 documented postoperative visual loss after spinal and cranial surgery and led to improved designs of headrests to avoid directed pressure on the globe (which has been found to contribute to central retinal artery occlusion). Therefore, we specifically used skull traction to suspend the head and avoid pressure on the globe. Perioperative factors that have been implicated in the development of ischemic optic neuropathy include intraoperative hypotension, duration of surgery, intraoperative blood loss, use of replacement fluids, and anemia. 2, [5] [6] [7] 12 The American Society of Anesthesiologists Task Force on perioperative blindness has recommended that in high-risk procedures patients be positioned with the head level with or higher than the heart and the head maintained in a neutral forward position when possible. 14 We positioned our patients with their heads above their hearts in a reverse Trendelenburg manner. A knee-chest position, such as on an Andrews Frame, can also be used to elevate the head during surgery. However, this positioning has been shown to causes a decrease in stroke vol- ume, cardiac index, and potentially increase intraoperative bleeding. 3, 9, 13 Due to the documented morbidity of the Andrews frame, the knee-chest position was specifically avoided in our patients.
In the sacrectomy practice at our institution, cases frequently involve associated closure or reconstructive procedures (including instrumented spinopelvic reconstruction, nerve grafting, and vascularized free fibula transfer procedures; Fig. 5 ). In addition to tracking patient morbidity, we also prospectively tracked whether our positioning protocol interfered or facilitated these procedures. Thankfully, we saw no interference with any of these procedures with the nature of our positioning protocol.
We do not employ neurological monitoring in our sacrectomy practice because of the added expense, limi- Variable compromise of skin integrity positioning-related nerve palsies postoperative blindness operative access issues ability to perform necessary dissection ability to perform necessary reconstruction, flaps, and nervegrafting procedures ability to localize level using fluoroscopy/intraop CT adequate anesthesia access to face, airway, and lines during procedure tation of anesthetic techniques it requires, and logistical difficulties. Neurological monitoring might have detected the transient ulnar nerve palsy that occurred due to unrecognized shift of an armboard during 1 procedure. However, we have used this incident to raise our concern of these issues rather than to stimulate incorporation of neurological monitoring into our practice. Localization during prone sacrectomy procedures can be difficult. The need to obtain a wide oncological margin around tumors that frequently have an extraosseous extent prohibits the ready access to familiar anatomical landmarks to guide the localization for resection. For this reason, fluoroscopy is commonly employed at our institution (usually in the lateral view) to identify the location of resection. We found no interference in any cases with radiographic localization of the site of resection in this series.
Conclusions
This represents the first report on morbidity related to prone oncological sacral positioning. Although the morbidity reported is high, positioning-related complications were identified in a prospective manner to include all potential complications, and all were relatively mild. Braden score did not correlate with risk of morbidity from prone positioning in this series. Of specific note, no morbidity was observed in patients who were of normal body habitus unless the procedure lasted in excess of 10 hours.
We have now adopted this as our standard sacrectomy positioning protocol at our institution. Key points are summarized in Table 3 . We believe this protocol can be readily adopted because it utilizes elements of standard spine surgery procedures involving equipment that is commonly present in many medical institutions (no specialized equipment was used for these procedures). 
